The objective of this work was to develop a methodology for seed processing and X-ray analysis and to study imbibition pattern in seeds of candeia (Eremanthus incanus). Seeds were gathered in 2001 and 2002 in Morro do Pilar and Lavras respectively, processed and stored in a cold chamber (5ºC/60%RH) until the start of experiments. In order to identify unfi lled seeds, a protocol was developed for X-ray use combining radiation energy (Kv) and exposure time (seconds). For elimination of unfi lled seeds, an experiment was conducted using a South Dakota seed blower whereby different opening settings and ventilation times were combined. Original seed lots and categorized lots following radiograph viewing were tested by germination tests, with seeds being cleansed in sodium hypochlorite and scattered over blotting paper in 'gerboxes' and then taken to germinators with alternating temperatures of 20º-30ºC and 10 hours of light, for up to 15 days. Imbibition curves were determined under the conditions 30ºC, 20º-30ºC/10 hours of light and 30º-20ºC/10 hours of light. The X-ray protocol that best allowed viewing of internal seed structures was 30Kv for 45 seconds. Seed separation using the blower setting at a 3.0 opening for 30 seconds raised the number of embryonic seeds to values exceeding 99%, also raising the germination rates as a consequence. The imbibition pattern is three-phased and the germination process is completed in 72 hours. Under alternate temperatures, primary root growth is favored.
INTRODUCTION
Also known as candeia, Eremanthus incanus is an arboreal species of family Asteraceae (CORREA, 1984) , found in mountainous grasslands that extend from Bahia to Rio de Janeiro at an altitude range of 700 m to 1,200 m (NEMAF, 2003) .
The interest for this species is chiefl y economic and related to good quality wood, known for its resistance, durability and high energetic potential (CETEC, 1994) . For this reason, candeia exploration has been on the increase and so has the demand for candeia seedlings, as a result, in order to foment new plantations. However, information about seed manipulation in this genus is yet scarce, and so far experience has often reported low germination rates (VELTEN; GARCIA, 2005; DAVIDE; TONETTI, 2003) .
Causes for low quality seeds may include occurrence of sterile dispersing structures, often without Davide, A. C. et al.
embryo formation, as reported by Velten and Garcia (2005) in a study with the same species. However, removing such structures by air fl owing equipment is indeed possible and has been already applied to seeds of Eremanthus erythropappus by Tonetti et al (2006) . That said, if it is true that the quality of a seed lot is directly connected with the physical characteristics of its constituent units, identifying such structures becomes critical, noting that these can be quickly identifi ed by using the X-ray technique which allows not only a quick assessment of the internal structures of the embryo but also the identifi cation of some types of mechanical and insect-infl icted damage (SEED NEWS, 2001; SIMAK, 1991) .
Along with the issue of physical quality in a seed lot, the next step is to understand seed requirements throughout the germination process. This process involves a chain of physiological events usually following a threephase imbibition pattern which culminates with protrusion of a primary root. This chain of events is infl uenced by several factors that include temperature and light presence. A daily fl uctuation of temperature may also be required and is frequently observed in seeds of arboreal species, whether or not in connection with a light requirement, a common occurrence among species that colonize open areas (COPERLAND; MCDONALD, 1999), including Eremanthus incanus.
This work is therefore intended for the development of a methodology for seed processing and X-ray analysis, and for studying the imbibition pattern in seeds of Eremanthus incanus.
MATERIAL AND METHODS

Seed origin and processing
Seeds were gathered in 2001 and 2002 in the municipalities of Morro do Pilar and Lavras respectively. Processing was done with the use of sieves, and what was thought of as the seed is actually a dispersion unit known as achene. Seeds were maintained in a cold storage chamber (5ºC/60%RH), in semipermeable plastic bags until the start of experiments.
Characterization of seed lots
Moisture test
Once in the cold chamber, the moisture content was determined for the seed lots. Tests included 4 replicates of 0.5 grams per lot, using a forced air enclosed structure (103 o C/17h) (ISTA, 1993) and having aluminum foil as receptacle.
Purity
Seed purity determination was based on the defi nition proposed by a seed analysis standard known as Regras para Análise de Sementes (BRASIL, 1992) , according to which, for dispersion structures of the 'achene' type, pure seeds are: (a) achenes and achene fractions more than half the original size, unless it is obvious that they contain no seeds; (b) seeds and seed fractions more than half the original size, with or without pericarp. Two 1.4 g samples were analyzed in each lot and pure seeds were separated from other seeds and inert material. The result was given as percentage of pure seeds in the seed lot.
Germination
Seeds were washed in sodium hypochlorite at 2% (2 minutes) and rinsed with distilled water. Samples were incubated in a Mangelsdorfi i germinator at 20º-30ºC, lit by four fl uorescent daylight bulbs (20W) (10 hours of light at 30ºC and 14 hours of dark at 20ºC), with alternations consisting of daily changing the relevant test material from a germinator set at 30 o C with light to another germinator set at 20 o C and lined with aluminum foil to prevent light entry.
Tests were performed in a gerbox using three blotting paper sheets. Four replicates of 50 seeds were tested over a period of 15 days, and the result was expressed as average percentage of normal seedlings.
Quantifi cation and separation of unfi lled seeds
2.3.1 Characterization of the physical quality of seeds by X-ray use Samples were taken from the 2002 seed lot for analysis by a Faxitron 43855X X-ray system using the energy range 10, 20, 30 and 40 Kv and exposure times 30, 45 and 60 seconds. For image acquisition, a Kodak MR 2000 screen fi lm was used (18 x 24 cm).
According to the internal morphology viewed in each radiograph, seeds were divided into three categories: fi lled seeds (with a well developed embryo fi lling the entire inside of the achene), malformed seeds (with the embryo only partially fi lling the achene), and unfi lled seeds (with no embryo). Filled and malformed seeds are referred to as embryonic seeds. Improvement to the physical quality and imbibition ...
Seed germination after the X-ray test
Seeds identifi ed in radiographs as being unfi lled, fi lled and malformed were all taken to germinate. The germination test followed the same methodology as in the initial assessment of seed lots.
Seed separation
For separation of embryonic seeds, a South Dakota De Leo blower was used. Openings were defi ned in the scale of the blower, in such way that openings below the 2.0 marking did not produce a light fraction while openings above the 6.0 marking removed all seeds to the light fraction.
The blower was regulated at opening settings 2.0, 3.0, 4.0, 5.0 and 6.0 and at ventilation times 30 and 60 seconds. Each treatment consisted of four replicates with two grams of seeds. After fractions were separated, the heavy fraction was manually purged of residual inert material and seeds were then weighed and the weight was converted into percentage of the original weight. The percentage of embryonic seeds in the heavy fraction was quantifi ed by X-ray analysis, with 50 seeds from each heavy fraction being analyzed. For the 2002 seed lot, the number of seeds per kilogram of original lot and best separation treatment was determined, using eight samples of 100 seeds weighed on a scale accurate to 0.0001g.
Data were analyzed by SISVAR statistical software with a probability of F<1% and with means being compared by the Tukey test at the 0.05 level.
Determination of imbibition curves
For imbibition curves, the 2002 seed lot was used. Original moisture content was determined according to the methodology mentioned earlier. Curves were based on two replicates using 0.05g of seeds placed in a gerbox containing three blotting paper sheets as substrate, saturated with distilled water. Samples were placed in Mangelsforffi i germinators regulated at the temperature of 30ºC with continuous light and temperatures of 20º-30ºC and 30º-20ºC (10 hours of light at 30ºC followed by 14 hours of dark at 20ºC). Every three hours, the seeds were removed from the gerboxes and weighed on a scale accurate to 0.0001g for detection of imbibition phases I, II and III.
RESULTS AND DISCUSSION
Characterization of seed lots
Original moisture, purity and germination characteristics of the relevant seed lots are provided in Table 1 . Equilibrium moisture content ranged from 7.0% to 9.5%. Both lots showed low germination values, confi rming previous reports, including a study by Velten and Garcia (2005) , in which the maximum germination rate computed in seeds of this species was 51%. 
Characterization of the physical quality of seeds by X-ray use
The radiograph images obtained from using the 30KV energy setting allowed better viewing of the internal structures of seeds, and the exposure times 45 and 60 seconds favored fi neness of detail, allowing identifi cation of the three proposed seed categories. The variation in visibility and contrast using different KV energy settings is explainable, since the greater the energy contained in the ray stream the greater its penetrating power (BONZANINI NETO, 2003) . The interpretation of radiographs followed the proposal described by Simak (1991) , in which areas with low density tissues (or with no tissues) are more easily transposed by X-rays, causing the fi lm to become darker.
The seed type obtained by the X-ray test (fi lled, malformed and unfi lled) directly infl uenced germination. Table 2 shows that fi lled seeds reached 50% germination (considering normal seedlings), denoting considerable improvement to quality in comparison to the condition of original seed lots, subject as they were to the infl uence of the unfi lled and malformed fraction ( Table 1) . The performance pattern of malformed seeds was noted to be poorer than that of fi lled seeds.
Within the 'malformed' seed category, there probably were different stages of embryo development, since some seeds generated normal seedlings. This is a common occurrence in forest species and is certainly due to initial dissimilarities in development, as reported by Carvalho and Nakagawa (1988) . Machado and Cícero (2003) in a study about the morphology of Lithraea molleoides, and Melo et al (2009) in a study with seeds of Lyhnophora pinaster, a species of family Asteraceae,
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obtained results that demonstrate these maturation dissimilarities, quantifi able by using the X-ray technique.
Seed separation in the blower
Time 30 seconds was found more effective than time 60 seconds, keeping more seeds in the heavy fraction on account of less ventilation time. The 2002 lot showed greater heavy fraction weight than the 2001 lot (Table 3) , this pattern possibly being the result of that lot having greater original purity (Table 1) .
Separation in the Dakota blower resulted in a reduction from 2,680,000 seeds to 1,666,600 seeds per kilogram. This drop in the number of seeds per unit of weight (Kg) demonstrates that blown seed lots did concentrate larger, denser seeds, indicating improvement to lot quality. According to Carvalho and Nakagawa (1988) , denser seeds are the result of better nurturing, which makes them surpass late formed seeds in regard to density.
Imbibition curve
Imbibition curves followed the three-phased pattern proposed by Bewley and Black (1994) . The initial water content in seeds was 6.26%. Curve results (Figure 1) showed a fast imbibition phase I (up to six hours) for the three conditions being tested, with the water content in seeds reaching around 45%. Imbibition phase II came next, extending for up to 72 hours, with the water content in seeds reaching around 56%. Water contents found in each phase suggest that these seeds have cotyledonal storage tissue, the reason being that, according to Coperland and McDonald (1999) , at the end of phase I the water content in seeds with this type of storage tissue should reach 35% to 40%, against 50% to 60% at the end of phase II.
The proportion of time elapsed between the fi rst two phases agrees with descriptions by Bewley (1997) in that, usually, phase II lasts up to ten times longer than phase I in undormant seeds. Typically during this phase cell elongation is all that takes place (BEWLEY; BLACK, 1994; BEWLEY, 1997) .
Temperatures tested did not promote signifi cant differences until the end of phase II. Differences were Means followed by the same small letter in a row and capital letter in a column are similar by the Tukey test at the 5% probability level. Means followed by the same letter in a column do not differ by the Tukey test at the 5% probability level. Means followed by the same letter in a row are similar by the Tukey test at the 5% probability level.
From opening setting 3 (Table 4) , no signifi cant increase is observed in the number of embryonic seeds. Original lots showed a 71.25% rate of embryonic seeds, close to the value found by Davide and Tonetti (2003) based on germination testing (62%). After passing through the seed blower, the number of embryonic seeds increased to values exceeding 99%. Improvement to the physical quality and imbibition ... only noted after radicle protrusion, which marks the start of phase III (about 72 hours). According to Bewley (1997) , phase III is marked by radicle growth resumption and involves both elongation processes and cell division.
From then on, alternate temperatures of 20º-30ºC with 10 hours of light were found to promote an increase in seed weight, indicating faster growth of essential seedling structures (Figure 1 ), which suggests that alternate temperatures of 20º-30º C could favor the establishment of fi eld seedlings.
CONCLUSIONS
The use of X-rays is viable for assessing physical quality in seeds of Eremanthus incanus, particularly the procedure 30KV for 45 seconds.
The use of a South Dakota blower regulated at the 3.0 opening setting for 30 seconds is effective in separating unfi lled seeds from seed lots of Eremanthus incanus.
Seeds of Eremanthus incanus follow a three-phased pattern of imbibition during germination, to be completed in 72 hours. Alternate temperatures of 20º-30ºC with 10 daily hours of light was found to favor initial growth of seedlings. 
